For the haploid genetic model of Moran, the joint distribution of the numbers of distinct ancestors of a collection of nested subsamples is derived. These results are shown to apply to the diffusion approximations of a wide variety of other genetic models, including the Wright-Fisher process. The results allow us to relate the ancestries of populations sampled at different times. Analogous results for a line-of-descent process that incorporates the effect of mutation are given. Some results about the ages of alleles in an infinite-alleles model are described.
Introduction
Consider the evolution of a haploid population comprising 2N individuals in each generation. Assuming for the moment that generations are distinct, each individual in generation s + 1 is the offspring of exactly one individual in generation s. The number of offspring born to individual j in generation s is, however, a random variable Yj, say, constant population size being maintained by the requirement that Y1+ In all these models state 1 is absorbing, corresponding to the observation that eventually the sample, or population, can be traced back to a single ancestor.
For the process specified by (1.5) it is a straightforward matter to compute the transition probabilities g,l(n) = P(A1(n) = 11 AI(0)= i). We obtain In this paper, we study the joint distribution of the number of distinct ancestors of a sequence of nested subsamples taken from a population reproducing according to the Moran model (1.4). Such nested subsamples arise directly when making inferences about a large sample from ancestral information concerning a subsample. They also arise indirectly in the study of the relationship between the ancestries of distinct generations. See Watterson (1982a) . This joint distribution is derived in Section 2, and some examples of its application are given in Section 3.
The corresponding exact results for more complicated discrete time models such as the Wright-Fisher process (1.2) are unmanageable, and so in Section 4, we use results of Kingman (1982a) to find large population approximations in these cases. The jump chain of the continuous-time approximating process has the structure of the discrete-time Moran model, and the results of Section 2 become applicable.
In Section 5, we introduce a process incorporating mutation, which is an extension of a model due to Griffiths (1980), and study subsampling in the lines of descent for this process. Some application to the infinite-alleles model, and the ages of alleles, are given.
The ancestry of a subsample
Suppose that at generation 0 we randomly select a sample of i individuals from the population and then select a further subsample of size j from the i.
How is the process of ancestors of the subsample related to that of the whole sample?
We shall use the following notation:
Al(n) = number of distinct ancestors of members of the sample n generations before the present. A2(n) = corresponding number for the subsample. P,(i, j; 11, 
1(1 + 1)
The result follows from (2.3). Taking k = 1 we obtain the conditional distribution of A1 when A2 first hits state 1. -1)(2N)-2, this expectation is clearly (2N)2/k(k -1) . That is 1 m+2 P(Tm-T= t) = 2 k,2(m)gk-,2(t--1)/k(k-1).
Nk=3
Recall that we have assumed m < 2N. If m _ 2N, further terms are needed on the right.
Approximations to other models One natural question to ask is how the results of Sections 2 and 3 apply to other reproduction schemes, as typified by the Wright-Fisher model in (1.2).

Kingman (1982a,b), as part of his analysis of a related genealogical processthe coalescent-showed that the Markov chain with transition probabilities (1.3) is well approximated by a death process in continuous time.
Temporarily denoting the discrete-time process by A(N)(n) to exhibit the dependence on the population size 2N, Kingman showed that as N -oo Notice that in the case of the chain specified by (1.5), the time-scaling required to achieve (4.2) is in units of 2N2 generations. The ancestral probabilities for the whole population may be obtained by letting i -oo in (4.3). The process then starts from an entrance boundary at oo; in this case the total population size is infinite, since N-+oo. Cf. Watterson  (1982b), (3.6) .
As far as the subsampling schemes studied in Section 2 are concerned, we note that in Theorem 2, the derivation depended only on the behavior of A2 ( 
Lines of descent and the effect of mutation
The genealogical process Al(.) used in the earlier part of this paper can be used to describe the genetic composition of a sample from a population in which no mutation occurs between the allelic types (cf. Felsenstein (1971) , and the review article of Tavare (1984), and the references contained therein). We now consider the case in which mutation can occur between the allelic types. We make the simplifying assumption that the mutation rate away from any allelic type is the same for all types. That is, for 0 <m <1, (5.1) P (an allele does not mutate) = 1-m.
The line of descent from a given individual is now taken to be the descendants of that individual, but excluding any new mutants and their descendants (cf. Griffiths (1980)).
The mathematical tools used to analyse such a line-of-descent process are similar in spirit to those of Sections 2 and 4. However, the questions naturally asked about such a process are somewhat different, and we have therefore separated its analysis from that of the earlier models.
We shall use notation similar to that of Sections 1 and 2. In particular:
A,(n) = number of lines of descent from the members of the sample going back n generations from the present time, 0. A2(n) = same quantity for the subsample of size A2(0) chosen at random without replacement from the A1(0).
hil(n) = P(A (n)= I A(0) = i), O -1 --i.
We shall use the Moran reproduction scheme specified by Equation ( . We remark that here state 0, rather than state 1, is the absorbing state, and Al(n) =0 when each member of the sample is descended from a mutant occurring subsequent to time (-n). We turn now to the computation of the joint distribution of (A,(.), A2(.) 
